children have been noted to lip read before they seem to understand by using their hearing. Children of this type have been said to suffer from 'developmental receptive dysphasia' or 'auditory imperception'. They tend to be severely affected and to have very slow speech development, and a high proportion never develop verbal fluency even when adult Their word-sound difficulties are even more marked than in those with moderate degrees of the syndrome.
A minority of the most severely affected children suffering from the syndrome not only have difficulties in comprehending speech but also in recognizing the nature and significance of non-speech noises in their environment and in localizing them. They may appear to be deaf for months or even years after birth. Characteristically, they appear to hear intermittently and may respond to quite quiet sounds whereas formal testing using loud sounds has resulted in no response. I remember one child who appeared to be deaf after a wide variety of formal tests had been given and who then responded to the click of a ball point pen being retracted at the end of the interview. Such children have been said to suffer from central deafness and have been called noncommunicators by Murphy (1964) . It is hardly surprising in these circumstances that a significant proportion of very severely affected patients find their way into schools for the deaf.
The prognosis for mildly affected children with normal language development who are slow to acquire word sounds is good, and the majority speak normally by the age of 7 at the latest. The prognosis for children who are moderately severely affected is rather less good, but the majority, though they may have later educational difficulties, progress and have relatively normal speech. The prognosis for children with comprehension difficulties and difficulties in perceiving the significance of sounds other than speech is much less good and a small proportion of those who are severely affected, and a large proportion of those very severely affected, never use spoken language as a primary means of communication. The orthodontist is not usually primarily involved in the diagnosis of speech defects except in the case of lisping associated with malocclusion of the anterior teeth. His assistance may be sought in cases in which malrelationship of the jaws and malocclusion of the teeth are thought to be possible etiological factors in speech defects.
Since 80 % of specific speech movements are made in the anterior part of the mouth (Kimball & Muyskens 1937) it is not surprising that a causal relationship between speech defects and malocclusion has long been assumed to exist. Narrow high palates, incisal irregularities, spaced or absent teeth, open bite and anteroposterior arch malrelationships (Angle's Class II and III malocclusions) are commonly listed as the malocclusions chiefly associated with defective speech (Farrer 1888 , Helhman 1917 , Kessler 1954 . Speech sounds said to be affected are the bilabial, labiodental, linguodental and linguoalveolar consonants in the anteroposterior anomalies, the palatal consonants in cases of high palate, and the very common defect, the defective s sound or sigmatism associated with irregular incisors and anterior open bite.
The correlation between defective speech and malocclusion is not, however, absolute. Several studies such as those of Van Thal (1935), Hopkin & McEwen (1956) and Lubit (1967) have shown that malocclusions are not in general the primary cause of speech defects. For instance, Hopkin & McEwen found that over half the children attending speech therapy clinics had normal occlusion.
It is generally agreed that where malocclusion is present and in the absence of any pathology, other factors are of greater importance, such as character, level of intelligence, muscle control, emotional state, social conditions, &c., which influence the ability of the patient to adapt the flexible parts of the organs of speech to compensate for the defects of the rigid parts.
The majority of patients referred to orthodontists by speech therapists fall into two groups: those showing marked anteroposterior jaw malrelationships and those with lisps.
Patients with Marked Anteroposterior

Jaw Malrelationships
It is in this group of patients that compensatory ability is most important and it is in such cases where ability to compensate is lacking that orthodontic treatment may be of assistance by providing a more favourable articulatory setting. The following cases illustrate varying degrees of compensatory ability:
Case 1 A girl aged 16 presented with a severe Angle's Class III malocclusion caused by a retruded upper jaw. She was embarrassed by her appearance and said she had little social life and that her friends told her she lisped. When she talked at length her speech became indistinct. The articulation of the s sound was defective and was made with the blade of the tongue, the tip being placed behind the lower incisors. The labiodental fricatives were made with the upper lip and lower incisor, the reverse of normal. The patient showed an unfavourable combination of a severe malocclusion, in itself calling for considerable articulatory compensation, with a morbid sensitivity which produced an unfavourable emotional state for the overcoming of her handicaps. Treatment by means of an overlay upper denture fitting over the natural teeth with the artificial anterior teeth in line with the lower teeth improved her appearance, morale and speech.
Case 2 A student with a most severe Angle's Class III malocclusion due to protrusion of the lower jaw was considerably embarrassed by his appearance. His speech to the lay ear did not present any marked defect. A study of his speech sounds showed several interesting compensations. The labiodental fricative was produced by normal contact of the upper incisors and lower lip, although this entailed a marked retraction of the lower lip upwards and backwards over the lower teeth. A compensation similar to that in the previous case could have been expected. The s sound was produced with the tip of the tongue behind the lower incisors with a shallow grooving of the blade behind the incisors to produce a channel. The s sound was slightly indistinct. The linguoalveolar plosive t was made with the tip being placed behind the lower incisors and the blade bunched up behind the upper incisors. Surgical correction of the malocclusion was successfully carried out. Speech after the operation was normal, and the patient did not notice any conscious adaption of the tongue to make the s and t sounds distinctly; they were now made with the accepted articulations.
Case 3 A boy aged 12, who had a severe Angle's Class II division 1 malocclusion. The upper incisors were markedly proclined and the mandible was retruded. There was a short inactive upper lip and the lower lip lay behind the upper incisors at rest. The bilabial plosives b and p were replaced by a labiodental plosive to compensate for his inability to close the lips together except with considerable conscious effort. He had a lisp which was still present after correction of the malocclusion: his general intelligence was above average.
The causes of differences in ability to overcome similar articulatory obstacles are doubtless complex but one may speculate on one possible cause, namely adverse anatomical variations in the orofacial musculature affecting the functional adaptability of the individual. The difficulty of the speech therapist and orthodontist is to determine whether the ability is present or not. I have a suspicion that those who can compensate do so, and that it is mainly patients lacking in compensatory ability who come for treatment.
Evidence of variation in the facial musculature is apparent to anyone who has compared the dissection manual with the cadaver. Marked racial differences in facial musculature have been demonstrated by Burkitt & Lightoller (1927 , 1927 , and Lightoller's work on the evolution and development of the orbicularis oris is of great interest to all concerned with orofacial function (Lightoller 1926) . Prima facie evidence of similar variations in the musculature of the tongue is seen in the difference in individual ability to perform such tongue movements as tongue folding, turning the tongue on edge, clover leaf formation and folding back of the tongue tip. These muscular variations are said to be of genetic origin (Humphreys 1951) and suggest that other more subtle variations affecting articulatory skills may exist.
It will be remembered in this context that the Ephraimites were detected by the men of Gilead because they could not say shibboleth, 'and he said sibboleth for he could not frame to pronounce it right.'
Patients with Lisps
One method of studying articulatory positions of the tongue used by phoneticists is that of palatography. The subject's palate is sprayed with a suitable powder such as a mixture of powdered medicinal charcoal and chocolate powder. When a sound is uttered the tongue removes the mixture from those parts of the palate contacted by the tongue in making the sound (Fig IA) . It is a very effective way of demonstrating to the patient the mechanics of the articulation required for a particular consonant. The use of palatography is illustrated by the following cases: Case 4 The patient, a boy aged 7, presented with a lisp and a palatally placed upper central incisor. The palatograph shows an abnormally wide escape channel for s before correction of the malposition and a more normal channel afterwards. Although the lisp was probably not caused by the eruption of the misplaced tooth as the parents were not aware he had a lisp, it was an obstacle to correct tongue placement. After its correction the lisp was corrected by speech therapy.
Case 5 A boy aged 17 presented with a history of recent onset of a lisp when speaking quickly or for long periods. Examination showed a recently erupted conical supernumerary in the palate behind the incisors. The palatogram for s showed that this interfered with the habitual tongue placement, resulting in a broad escape channel. Extraction of the tooth resolved this difficulty.
These two illustrations of lisping show a malpositioned tooth causing or aggravating a speech defect. The treatment of lisping in general is unfortunately not so simple.
The problem of lisping is of considerable interest to orthodontists because of its association with tongue thrusting. Whilst a lisp may be due to other factors such as high frequency deafness my comments are confined to the factor of tongue thrusting. The classical picture is of a child who lisps, sucks his thumb, tongue thrusts, and occlusally has an anterior open bite (Fig iB) . Each condition may present separately, for instance both lisping and tongue thrusting may be present with normal occlusion of the incisors.
As regards treatment, the problem for the speech therapist and orthodontist is control of the tongue movement and both, I think, would agree with the Apostle James when he said in another context 'the tongue is an unruly evil that no man can tame'. Although the association of tongue thrusting with lisping is of long standing, as is evidenced by the old saying that 'a lisping lass is good to kiss', scientific as opposed to social study is of comparatively recent origin.
A review of the literature in speech and orthodontic journals suggests that the general consensus at present is that a tongue thrust swallow is mainly a problem of developmental maturation. It is normal in neonates, still common in 5-6 year olds (82%, Bell & Hale 1963), and less common in older children. When the deciduous incisors are lost a tongue thrust and lisp may appear temporarily, both resolving when the permanent incisors erupt.
A recent study of deglutition and malocclusion by Subtelny (1970) showed that tongue thrust associated with malocclusion changed when the teeth were aligned; in other words, functional movements of the tongue adapt to form. On the other hand, intensive tongue training therapy to correct tongue thrust before correction of the malocclusion was not followed by a change in occlusal form but by relapse in tongue function when training ceased. This finding agrees with recent observations by Tulley (1969) and this type of tongue thrust may be called adaptive.
There is, however, a small number of cases in which the tongue function is the primary factor and correction of the occlusion is followed by relapse due to a persistence of the tongue thrust. These, I suggest, are the cases that are also resistant to remedial measures by speech therapists. These I call inherent or familial tongue thrusts as opposed to the adaptive tongue thrust mentioned above. Whilst I cannot diagnose an inherent tongue thrust with any certainty beforehand, I am always cautions of the prognosis when a child presents with the four signs of thumb sucking, lisping, tongue thrusting and anterior open bite. In such cases it is a great help to see both parents, as both or one of them may show a similar tongue action, often unaware of it in themselves whilst most conscious of it in their child. In such cases the degree of open bite due to the thumb resolves on ceasing the habit but a residual open bite due to the tongue remains. The lisp, while improved or controlled by therapy, relapses under stress or fatigue. In studies by Hanson et al. (1969 Hanson et al. ( , 1970 , of the many suggested causes of tongue thrusting in 4-5-year-olds only two emerged as showing statistically significant correlations with tongue thrusting. One was enlarged tonsils and the other was a cross bite malo,clusion, indicative of a narrow upper arch, with implications for both the otolaryngologist and the orthodontist.
The problems of cleft palate speech are a subject in themselves and are only mentioned to draw attention to an interesting observation which underlines what we tend to ignore, that is that speech is an overlaid function. The primary functions of the tongue are concerned first with suckling and later with the tasting, mastication and the swallowing of food. Where there is conflict with the secondary function of speech the primary function is presumably dominant. Brooks et al. (1966) have shown that some cleft palate patients, in effecting compensatory movementsforvelopharyngeal closure in swallowing, develop a retracted tongue posture which leads to poor articulation of anterior consonants with glottal substitutions. Poor speech here arises from the primary functional demands of deglutition and not, as is sometimes assumed, from the imperfect configuration of the upper incisors and palate.
The problems of defective velopharyngeal valving in cleft palate lead one to the related problems of nasal speech without cleft palate due to congenital palatopharyngeal incompetence. This is a subject of concern to otolaryngologists since the condition may be made manifest following adenoidectomy.
Osborne (1968) used the technique of cephalometric analysis of standardized true lateral skull radiographs, developed by orthodontists, to investigate the prevalence of anomalies of the cervical vertebre and the effect of these anomalies on nasopharyngeal depth. He found an incidence of cervical anomalies of 18-8 % (38 cases) in a sample of 207 subjects with congenital palatopharyngeal incompetence, which was significantly greater than the incidence of A-g~~~F ig 2 Tracing oflateral skull X-ray showing measurement ofosseous nasopharyngeal depth. PNS, posterior nasal spine. AA, anterior arch ofatlas 1-7 % in a control sample. These 38 cases showed an osseous nasopharyngeal depth significantly greater than that of either the normal controls or the 169 remaining congenital palatopharyngeal incompetence patients (Fig 2) . Of equal interest from the etiological aspect, in the 169 patients without cervical anomalies, the mean osseous nasopharyngeal depth did not differ significantly from that of the control sample. McCarthy (1925) first drew attention to the importance of the size of the tuberosity of the atlas, stressing that its hypertrophy could significantly reduce the anteroposterior dimension of the pharynx and so impair nasal air flow; by inference, its hypoplasia would have the opposite effect. Since the tubercle is at the level of velopharyngeal valving in the older child and adult the significance of this is readily apparent. Birrell (1966) , writing on palatal disproportion, stressed the value of true lateral skull X-rays for assessing soft palate function and pharyngeal dimensions. Osborne's work reinforces the value of this investigative technique and illustrates the benefits of a multidisciplinary approach to our clinical problems. 
Speech with Palatal Dysfunction
The palate plays such a significant part in the production of normal speech that its dysfunction can destroy the quality of speech to such an extent that it can become unintelligible.
However, there may be clear indication of the incompetence of the palatopharyngeal sphincter long before the development of articulate speech. In the absence of an obvious cleft of the lip or palate, the nasal regurgitation of milk when a baby is feeding, difficulty with sucking and swallowing, choking attacks and nasal snorts indicate the possibility of some type of bulbar palsy or muscle flaccidity, either isolated or associated with a much more extensive neurological lesion, which warrants early investigation.
We have a great responsibility towards the parents of infants with these significant feeding difficulties, particularly if a diagnosis of cerebral palsy has been made; they need instruction, supervision and constant help from the beginning, but frequently do not get it. Trying to get the baby to take sufficient nourishment can become a nightmare which lasts most of the day, but by correct positioning and specialized feeding techniques this can be avoided. Much can be done to establish a better swallowing reflex and to stimulate the muscles of the lips and tongue so essential, first for sucking, and later for chewing and to aid the development of speech. The mother must be prepared for this and encouraged to give enough language stimulation, although the child's contribution to expressive speech may be negligible for a long time.
Sometimes there is misunderstanding about the function of a speech therapist. She does not go into action only when faulty speech has developed but is frequently most usefully employed dealing with the problems just outlined, being qualified to do so either working in a special unit as part of a team or through domiciliary visits.
In all conditions involving abnormalities of the palate and associated organs of articulation, it is likely that the patient will be examined by a group of specialists each eyeing this small area from the angle of his own specialtythe neurologist, the plastic surgeon, the ENT surgeon, the orthodontist and the therapist: the diagnosis is made and treatment proceeds, no doubt with the common aim of improving function in the hope of achieving satisfactory speech. This applies particularly in cases of cleft palate. But the following questions require to be answered:
(1) Is there uniformity in the assessment of results? (2) What criteria are used?
Morley (1966) defines normal speech as 'speech which is intelligible, natural and free to the trained ear from defects typical of cleft palate, and equal to that of the patient's environment'. She outlines four main points in assessment which serve as a very convenient guideline.
(1) Can the patient achieve intra-oral air pressure? This depends on competence of the palatopharyngeal sphincter and production of a complete hard and soft palate without breakdown in the suture line, or without residual fistule.
(2) Vocal tone and resonance balance.
(3) Articulation of consonants as used in speech. (4) Other factors, e.g. disorders of speech unrelated to the cleft (often found), deafness (often found), mental defect and habit factors.
If there is an anterior fistula despite an adequate sphincter, the intra-oral air pressure may be affected and the alveolar consonants t and d, the bilabial plosives p and b and the labiodentals f and v will be impaired. This evidence needs to be considered carefully when a decision is made by the surgeon to leave the anterior palate open in order to safeguard the upper dental arch. It is probably agreed that this technique as practised in Russia, France and the United States, and sometimes here, is very successful orthodontically but perhaps at the expense of the quality of speech. An obturator is not advocated, and the patient, we hope, automatically adapts his oral behaviour and uses his tongue in such a way that food is prevented from passing into the fistula instead of being swallowed. But children do not always learn by instinct to compensate for tissue loss, especially when there is a short or lazy palate. They need to be taught. A period of intensive speech therapy is often recommended before a decision is made to carry out pharyngoplasty. The idea that a speech therapist can do little about nasal escape is not altogether true. Many patients have learnt
